Background: Prevalence of emotional, behavioral, and psychiatric outcomes in child
| INTRODUCTION
Some adolescent long-term survivors of childhood acute lymphoblastic leukemia (ALL) experience psychosocial and behavioral problems, including symptoms of anxiety, depression, inattention, and antisocial behavior 1 either in isolation or as clusters of behavioral and emotional symptoms. 2, 3 Long-term survivors of childhood ALL treated with only chemotherapy demonstrate higher rates of headstrong behavior, inattention-hyperactivity (related to cognitive problems), social withdrawal, and learning problems compared with healthy siblings, with higher risk of inattention-hyperactivity symptoms associated with higher cumulative doses of intravenous methotrexate. 4 Although the rate of attention-deficit/hyperactivity disorder (ADHD) appears comparable to the general population, a quarter of survivors report an adverse impact of behavioral symptoms on functional impairment. 5 There is evidence to suggest more emotional and behavioral symptoms in survivors of childhood ALL compared with the general population; however, the prevalence and severity of clinically diagnosed psychiatric disorders have not been well characterized in this population.
Studies that evaluate the presence of emotional or behavioral morbidities typically rely on self-report or proxy report of symptoms.
This approach involves rating individual behaviors that cluster in symptom domains such as inattention, hyperactivity/impulsivity, depression, and anxiety. However, the presence of symptoms alone may not be sufficient to warrant a formal diagnosis or treatment of psychiatric disorders. The gold standard for systematic assessment of psychiatric disorders involves the use of structured diagnostic interviews. 6 For example, a rating scale may provide a norm-referenced level of inattentive behavior, whereas the clinical diagnosis of ADHD requires not only the presence of sufficient symptoms but also a minimum age at symptom onset, minimum symptom duration, evidence of clinically significant impairment in social, academic, or occupational functioning, as well as differential diagnosis of conditions with overlapping symptoms (eg, learning disability and anxiety disorders). 7 This formal diagnostic process for psychiatric disorders has not been regularly used among long-term survivors of childhood ALL.
There have been inconsistent reports pertaining to emotional distress in parents of survivors of childhood cancer, 8 Most parents of survivors of ALL treated on chemotherapy-only protocols do not have elevated symptoms of anxiety, depression or post-traumatic stress symptoms (PTSS); however subgroups of parents do report substantial symptoms of psychological distress or PTSS. 8, 9 Furthermore, emotional discuss such as PTSS can persist many years following the completion of therapy. 10 Parental distress has been associated with their report of emotional symptoms in child survivors of ALL, although it is unclear whether this distress impacts the child's emotional or behavioral symptoms. 9 The association between parental emotional distress or PTSS and behavioral problems in childhood cancer survivors requires further investigation.
The objectives of this study are (1) to examine the prevalence and pattern of parent-reported and self-reported behavioral symptoms in long-term survivors of childhood ALL; (2) to examine the prevalence of psychiatric disorders, diagnosed through structured diagnostic interviews; (3) to evaluate the impact of parent self-reported emotional distress and PTSS on report of child behavioral symptoms and psychiatric disorders; and (4) to evaluate the impact of treatment exposure on report of child behavioral symptoms and psychiatric disorders as well as parent self-reported emotional distress and PTSS. Disorders-IV (DSM-IV) diagnosis of ADHD hyperactive Impulsive type and inattentive type, conduct disorder, and oppositional defiant disorder. 13 The BASC-2 evaluates symptoms of hyperactivity, aggression, conduct problems, anxiety, depression, somatization, atypicality, withdrawal, attention problems, adaptability, social interaction, leadership, and study skills. 14 Diagnostic Interview for Children and Adolescents (DICA-IV) 15 to systematically evaluates psychiatric disorders based on DSM-IV diagnostic criteria for children. The DICA is a semi-structured interview conducted by a clinician and was completed with only parents in the current study.
| Parent emotional distress/PTSS
Parent emotional distress was assessed using the Brief Symptom Inventory 18 (BSI-18), 16 which includes symptoms of depression, anxiety, and somatic complaints. Parent PTSS was evaluated using the Impact of Event Scale-Revised 17 and levels of stress were calculated for 3 subscales (thought intrusions, avoidance, and hyperarousal) using symptom raw scores. Parents' education level in years was used as a covariate in analyses involving parent report.
| Statistical analysis
Descriptive statistics for demographic and clinical variables were summarized and compared between participants and nonparticipants by 
| RESULTS
A total of 236 survivors were eligible for follow-up and 161 (68.2%) participated ( Figure A1 ). Demographic, clinical, and treatment characteristics of survivors and parents are provided in Table 1 ; 51% were female, 75% were White, mean age at diagnosis was 4.6 years (standard deviation (SD), 2.4), average follow-up time was 7.5 years (SD 1.6), and 81% of primary respondents were mothers. There were no significant differences between participants and nonparticipants on demographics or treatment characteristics (Table 1) . Compared with an expected impairment proportion of 10%, a significantly larger proportion of survivors reported symptoms of inattention, hyperactivity/ impulsivity, learning problems, ADHD hyperactive-impulsive type, ADHD inattentive type, and oppositional defiant disorder, with impairment proportions ranging from 20% to 29% ( (Table A2) .
Survivors' self-report of inattention, hyperactivity/impulsivity, and defiance/aggression symptoms was significantly correlated with parent report of child attention problems, hyperactivity, and aggression/ conduct problems, respectively, with all pairwise Spearman correlation coefficients ranging from 0.32 to 0.44 and all P values < .001 (Table A3 ). However, survivors' self-reported anxiety (r = 0.25) and depression (r = 0.17) symptoms were weakly correlated with parent report of these survivor symptoms. Survivors' self-reported symptoms of mental health conditions (ie, ADHD hyperactive-impulsive type, ADHD inattentive type, and conduct disorder and oppositional defiant disorder) were significantly associated with parent report of survivor mental health disorder (Table A3) . Generalized anxiety disorder and obsessive-compulsive disorder are psychiatric disorders associated with significant anxiety, 7,19 these conditions were not associated with survivors' self-report of anxiety symptoms ( Figure 1 ).
The majority of parents did not self-report elevated symptoms of emotional distress or PTSS (Table A1 ). Parent self-reported anxiety, depression, and PTSS showed significantly higher risk for parent report of survivor anxiety, atypicality, generalized anxiety disorder, and obsessive-compulsive disorder (Figures 2 and A2 ).
| DISCUSSION
In the current study of child and adolescent long-term survivors of childhood ALL treated on a contemporary chemotherapy-only protocol, a significantly higher prevalence of attention problems were reported by both survivors ("Inattention" on Conner's) and parents towards authority figures such as parents or teachers. 7 As one of the most commonly diagnosed psychiatric disorders in childhood and adolescence, the behavior can negatively impact children's social, academic, or educational functioning. 20 We have previously demonstrated that survivors of ALL have higher frequency of executive dysfunction, including working memory, cognitive flexibility, and organization skills. 21, 22 These cognitive abilities are important for children to comply with parental demands, and deficits may contribute to negative interactions with parents that are perceived as defiant behaviors. 20 Executive dysfunction has also been shown to be associated with emotional problems in adolescent survivors of childhood ALL, 23 which may contribute to parent-child conflict.
Survivor-report of symptoms of inattention was consistent with parent-report of survivor attention problems. Attention problems have been reported in a large cohort of adult survivor of ALL. 21 In that study, long-term survivors treated with chemotherapy only demonstrated significantly worse performance on direct testing of sustained attention compared with normative data. 22 Childhood cancer survivor study investigators observed that parents reported a higher frequency of inattention/hyperactivity among adolescent survivors of ALL survivors compared with siblings. 4 Although more attention problems were noted in the current cohort, the rate of clinical diagnosis of ADHD was similar to the general population. Thus, the attention deficits likely reflect neurocognitive and learning problems rather than a pattern consistent with developmental ADHD.
5,24
Parents reported comparable prevalence for generalized anxiety disorder but increased obsessive-compulsive disorder compared with population data. Interestingly, the presence of the disorders identified by parents was not associated with survivors' self-report of anxiety.
Instead, it was associated with parent self-report of emotional distress and PTSS. Previous studies have observed that parents of childhood cancer survivors experience higher psychological distress compared with the general population. 8 Parents' emotional distress may promote a negative bias towards perceiving behavioral and emotional problems in their children. Maternal self-reported anxiety, stress, and depression have been identified to impact parent-report of child emotional and behavior problems in the general non-cancer population. 25 Although parents did not demonstrate higher emotional distress or PTSS compared with normative data, 9 which may be attributed to the strong social and psychological support they received during and after T-score: age-and sex-adjusted T scores, mean = 50, SD = 10; impairment for adaptability, social skills, leadership, activities of daily living, and functional communication impairment was defined as ≤10th percentile of national norm (T-score ≤ 37); for other variables, impairment was defined as ≥90th of national normative data (T-score ≥ 63).
a Lifetime prevalence estimate of DSM-IV disorders in the NCS-R sample for age 18 to 29 years, Kessler RC et al. 18 P: P value for 2-sided, one sample binomial test for P = .1 with false discovery rate adjustment.
b Frequency of impairment is lower than national normative data.
| Study limitations
This study should be viewed in light of several limitations. First, there was no healthy control group included in this study. However, we have a relatively large sample of childhood ALL survivors, self-and parentreported behavior symptoms were evaluated using 2 widely used rating scales, 7 and T-scores were generated from national normative data with age-and sex-adjustment, which to some extent mitigates the concern of not having a healthy control group. Future study design should consider including age-and sex-matched community control so that we may control impacts of some other potential confounding factors in analysis. Second, the DICA was conducted only with parents and not survivors. We selected this method as, in our experience, children younger than 12 are not as reliable in their report of mental health problems and we desired a single respondent format our sample of 8 to 17.9 years old survivors. Also, survivors of childhood ALL are at risk for neurocognitive impairment and it is unclear what the impact of such impairment might have on the semi-structured interview with the child. Third, there was no normative data available for DICA, psychiatric diagnoses in the current study were determined with the DICA and referred to the lifetime prevalence estimate of DSM-IV disorders in the NCS-R sample for age 18 to 29 years 18 which should be a fair reference, it is safe to say the prevalence for age 8 to 17 years in general population should be less than these reference. Fourth, there was no pre-therapy testing of behavior symptoms or diagnosis, but such assessments are difficult to obtain in young children at the time of a 
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Generalized Anxiety Disorder FIGURE 1 Association between self-reported anxiety raw score (mean and 95% CI) and parent-reported child obsessive-compulsive disorder and generalized anxiety disorder FIGURE 2 Relative risk for parent emotional distress on self-and parent-reported behavior symptoms and psychiatric disorders. Multiple regression analysis adjust for parents' highest education level in years; relative risk and 95% confidence interval scale: per 0.5 SD of parent emotional distress BSI T-score increased. Self-reported symptoms/conditions (Conners' rating scale third edition): inattention, hyperactivity/ impulsivity, learning problems, defiance/aggression, family relations, ADHD hyperactive-impulsive type, ADHD inattentive type, conduct disorder and oppositional defiant disorder. Parent-reported symptoms (behavior assessment system for children (BASC-2)): hyperactivity, aggression, conduct problems, anxiety, depression, somatization, atypicality, withdrawal, attention problems, adaptability, social skills, leadership, activities of daily living and functional communication. Parent-reported psychiatric disorders (diagnostic interview for children and adolescents IV (DICA-IV)): ADHD present, generalized anxiety disorder, obsessive-compulsive disorder and oppositional defiant disorder 
